Abstract Origins and pathways of the hepatic artery were investigated in 9 Japanese and 4 rhesus macaques. In one case of Japanese macaques, the liver received a double arterial supply from an accessory and ordinary hepatic arteries. The accessory hepatic artery arose from the celiac artery and supplied two right lobes and the gallbladder. In five cases of Japanese macaques and in all cases of rhesus macaques, the common hepatic artery passed behind the pylorus and the pancreas. This course corresponds to one of the two pathways of the accessory hepatic artery of the humans and chimpanzees. In remaining four cases of Japa nesemacaques, the course of the common hepatic artery corresponds to the pathway of the ordinary hepatic artery of the humans and chimpanzees. The celiac artery of the macaques tends to arise at a more caudal level of the aorta than in the humans and chimpanzees.
INTRODUCTION
The hepatic artery usually arises from the common hepatic artery of celiac artery. Two accessory hepatic arteries have been reported in the human (Adachi, 1928; Elias and Serrick, 1969; Lippert and Pabst, 1985; Corning, 1925) . Miyaki (1989) studied the origin and pathway of the two accessory hepatic arteries in the human fetus. One accessory hepatic artery (artery S) arises from the left gastric artery near the cardia and runs in the hepatogastric ligament alongside of the hepatic rami of the vagal nerve (Miyaki, 1989) . Another accessory artery (artery D) arises from the superior mesenteric artery behind the pancreas and runs in the hepatoduodenal ligament together with the portal vein. The ordinary hepatic artery (artery M) arises from the celiac artery at a more upper site than the pancreas and runs toward the hepatoduodenal ligament. The arteries have an important signifi cancefor the arterial supply of the human liver (Miyaki, 1989; Miyaki et al., 1989) . Two accessory hepatic arteries have also been reported in the chimpanzee liver (Gessner, 1955; Platzer, 1971; Swindler and Wood, 1973; Miyaki and Ito, 1992, 1993) . In the white-handed gibbon, the liver received a single arterial supply from the hepatic artery. The artery passed through the similar pathway to an aberrant artery (artery D) of the human (Miyaki and Ito, 1992, 1993) . This study describes the patterns of the arterial supply of the liver in the Japa neseand rhesus macaques and intends to elucidate the genesis of the hepatic artery.
MATERIALS AND METHODS
Livers of 9 Japanese macaques (Macaca fuscata, Family Cercopithecidae) and 4 rhesus macaques (Macaca mulatta, Family Cercopithecidae) were dissected. The materials were supplied from the Primate Research Institute, Kyoto University.
The liver consisted of six lobes in both macaques (Figs. la, b) . Szebenyi (1969) reported five lobes in the rhesus macaque, Lobus lateralis dexter, L. centralis dexter, L. lateralis sinister, L. centralis sinister, and L. caudatus. Makita (1992) reported four lobes in the Japanese macaque. In the present study, we used the terms for six hepatic lobes according to Nomina Anatomica Veterinaria (Jap. Ass. Vet. Anatomists, 1978) as follows; Lobus hepatis dexter lateralis, L. h. dexter medialis, L. h. sinister lateralis, L. h. sinister medialis, L. caudatus, and L, quadratus.
In both macaques, we investigated differences of the arterial supply of the liver and classified into two patterns, single arterial supply and double arterial supply. A single arterial supply of the liver was further subdivided into three types according to origins and pathways of the hepatic artery.
RESULTS

Double arterial supply of the liver
An aberrant hepatic artery existed together with the ordinary hepatic artery in one out of nine Japanese macaques (Figs. 1c, 4 , 5f). The liver received a double arterial supply from the aberrant and ordinary hepatic arteries. The aberrant artery arose from the celiac artery and ran together with the common hepatic artery behind the pancreas. The aberrant artery supplied two right lobes and the gallbladder (Fig. 1c) . The common hepatic artery arose from the celiac artery and ran behind the pancreas. The ordinary hepatic artery arose from the common hepatic artery and supplied two left lobes, quadrate lobe, and caudate lobe. The common hepatic artery bifurcated into the ordinary hepatic and gastroduodenal arteries near the hilus of the liver. The right gastric artery arose from the ordinary hepatic artery. Another branch of the common hepatic artery ran from the side of the hilus to the left and gave off an artery toward the cardia (Fig. 5f ). We adopted the name of "accessory left gastric artery" for the artery . The artery coursed in a left part of the hepatogastric ligament and supplied the cardia (Fig. 4) . The artery sent off a small artery to the diaphragm.
Single arterial supply of the liver
The liver received a single arterial supply from the hepatic artery in 8 Japanese macaques and in all cases of rhesus macaques (Figs. 2, 3, . According to the different course of the common hepatic artery, the livers were classified into 3 types (Figs. 2, 3).
Type 1. The celiac artery arose from the aorta at the cranial border of the pancreas and trifurcates into the splenic, left gastric and common hepatic arteries (Figs. 2a, 3a) . The common hepatic artery ran alongside of the cranial border of the pancreas and entered the hepatoduodenal ligament. This type was seen in 4 Japanese macaques.
Type 2. The celiac artery arose from the aorta behind the pancreas (Figs. 2b, 3b ). The common hepatic artery passed behind the pancreas and the pylorus and gave off the artery to the liver. This type was seen in 4 Japanese macaques and 3 rhesus macaques.
A case of Japanese macaque in type 2. The common hepatic artery ran toward the hepatic hilus alongside of the portal vein behind the pancreas. The artery gave off the gastroduodenal artery (Fig. 5a ). The gastroduodenal artery appeared behind Ven=stomach; Vf=gallbladder; Vp=portal vein the pylorus and gave off an artery to the head of the pancreas. The cranial mesenteric artery arose from the aorta at the caudal border of the pancreas and entered the mesentery.
A case of rhesus macaque in type 2. The celiac artery gave off three arteries; lienal, left gastric and common hepatic. The common hepatic artery bifurcated into the hepatic and gastroduodenal arteries behind the pancreas (Fig. 5b) . The tiny right gastric artery arose from the hepatic artery and supplied the pylorus. The cystic artery arose from the hepatic artery. Type 3. The celiac and cranial mesenteric arteries formed a short common artery or celiacomesenteric artery behind the pancreas (Figs. 2c, 3c) . The celiac artery trifurcated into the lienal, left gastric and hepatic common arteries behind the pancreas. The common hepatic artery ran on the same course as the artery of the type 2 and sent off the artery to the liver. This type was in one rhesus macaque (Fig. 5c) . The lienal artery ran alongside of the pancreas toward the spleen and gave off branches to the pancreas, spleen and part of the stomach. The left gastric artery ran cranial behind the pancreas, and supplied the lesser curvature of the stomach.
Frequency of the accessory left gastric and celiacomesenteric arteries
Accessory left gastric artery. This artery arose from a branch of the hepatic ar teryat the left side of the hilus, entered the hepatogastric ligament and ran toward the cardia. The artery supplied the cardia and a part of the stomach. The accessory left gastric artery existed in 3 Japanese macaques (Figs. 4, 5d) , and the artery gave off a small branch to the diaphragm in 2 Japanese macaques.
Celiacomesenteric artery. The celiacomesenteric artery existed in one rhesus macaque (Figs. 2c, 3c, 5c ). The artery arose directly from the aorta behind the pancreas and bifurcated into the celiac and cranial mesenteric arteries (Fig. 5c ).
DISCUSSION
Frequency and pathway of the aberrant and ordinary hepatic arteries A different pattern from patterns observed in the human (Miyaki, 1989) was found in one case of Japanese macaques in the present study. The liver received a double arterial supply from an aberrant and ordinary hepatic arteries. The aberrant artery arose from the celiac artery and passed the same course as the artery D of the human. The aberrant artery supplied two right lobes and the gallbladder and the ordinary artery occupied the remaining lobes. The different pattern resembles the pattern MD of the human.
We (1989) have already distinguished three hepatic arteries in the human by the difference of the origin of the artery. These hepatic arteries run to the liver through either of two pathways in the human (Miyaki, 1989) . One pathway is in a left part of the hepatogastric ligament. The aberrant hepatic artery arising from the left gastric artery runs in the course of this pathway. The other is in the hepatoduodenal ligament. The aberrant and ordinary hepatic arteries pass in this ligament. The origins of the two arteries are different. The ordinary artery arises from the com monhepatic artery of the celiac artery and the aberrant artery arises from the superior mesenteric artery. The hepatic artery arising from the celiac artery runs behind the pancreas and the pylorus toward the liver in 5 cases of Japanese macaque and in all cases of rhesus macaques in the present study. This artery runs on the same course as the accessory hepatic artery arising from the superior mesenteric artery in the human. Moreover, the celiacomesenteric artery arises directly from the aorta at the caudal border of the pancreas in one case of rhesus macaque in the present study. In these cases, the celiac atery arises at a more caudal level of the aorta than in the human.
The accessory left gastric artery running in a left part of the hepatogastric liga ment An artery was found to arise from a branch of the hepatic artery at a left side of hepatic hilus and pass in a left part of the hepatogastric ligament from the hilus toward the cardia of the stomach. We adopted the name of "accessory left gastric artery" for the artery, which corresponded to A. gastrica anterior of Szebenyi (1969) . The accessory left gastric artery existed in 33.3% of Japanese macaques in the present study. The left gastric artery existed also in these cases. An aberrant hepatic artery arising from the left gastric artery exists in 25.0% of human fetal livers (Miyaki, 1989) . The aberrant hepatic artery was not found in the Japanese or rhesus macaques of the present study. In the Japanese macaque, the accessory left gastric artery appeared in higher frequency than in the rhesus macaque.
Patterns and genesis of arterial supply of the liver
The human liver receives any of three arterial supplies: triple, double, or single. The arterial supply may be logically classified into seven patterns, of which six patterns (MSD, MS, MD, SD, M, D) have been reported Miyaki, 1989) . Four patterns (MSD, MS, MD, M) among them were found in the chimpanzee liver (Miyaki and Ito, 1992) . One different pattern from the patterns of the human liver was also found in the chimpanzee liver (Miyaki and Ito, 1993) . The chimpan zeeand white-handed gibbon belong to anthropoid apes. However, only one pattern of a single arterial supply was found in the white-handed gibbon. The hepatic artery of the gibbon coursed the same pathway as the artery D in the human and chimpanzee livers (Miyaki and Ito, 1992, 1993) . The celiacomesenteric artery existed in 37.5% of the gibbons. In many cases of the macaques, the livers received a single arterial supply and were classified into two arterial patterns. One corresponds to the pattern M and the other bears resemblance to the pattern D in the human.
Segmental arteries arise from the dorsal aorta in cranio-caudal arrangement and supply the gastrointestinal canal (stomach and intestine) in human embryo (Miki, 1973 (Miki, , 1983 ). The first (or cranial) three of these segmental arteries give off their branches to the liver. Any of the three arteries persists, and the liver receives any of a triple, double, or single arterial supply Miyaki, 1989) .
The celiac artery of the macaques arises at a more caudal level of the aorta than in the human and chimpanzee. According to Mild (1973 Mild ( , 1983 , the first two segmental arteries join to form the celiac artery, and the remaining arteries form the superior (or cranial) mesenteric artery in the human embryo. It is assumed that the second and third segmental arteries join to form the celiac artery in the Japanese and rhesus macaques.
